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Abstract 
Methane-producing archaea, methanogens, in ruminant animals are a maJor source of 
anthropogenic methane. With a global warming potential 23 times greater than carbon 
dioxide, methane has been targeted for reduction under the Kyoto protocol. In New 
Zealand methane emissions from ruminant animals are major contributor to the national 
greenhouse gas inventory. For this reason agricultural industries are challenged with 
reducing methane emissions from ruminants. This investigation on methanogens in young 
dairy calves was carried out to obtain information on methanogen colonisation and 
establishment in the rumen because little is known about this process. 
In this study, methanogen colonisation occurred within two days after birth in four calves 
that were raised in the absence of cows. Anaerobic culture techniques were used to 
enumerate methanogens in gut samples and showed that methanogen numbers increased 
over time, but dropped below detection limits in two of four calves between six and 11 
days after birth. Methanogens in these two calves then reappeared at day 13. By three 
weeks of age methanogen densities in all four calves were approximately 108 cells mr'. 
These densities are similar to those found by other workers for 3-week old and mature 
ruminants . Colonies picked from anaerobic agar roll-tubes prepared from enumeration 
cultures yielded 31 methanogenic isolates and 28 isolates that utilised hydrogen but did 
not produce methane. Eleven of the 31 methanogenic isolates were selected for 
purification. Despite extensive efforts only four methanogens were able to be purified 
from the eleven isolates because of persistent non-methanogenic eubacteria also present 
in cultures. 
A phylogenetic analysis of 16S rRNA gene sequences from purified and partially-purified 
methanogen isolates was carried out and dendograms constructed to identify 
methanogens. Some phenotypic characteristics of purified methanogens were determined. 
This revealed a number of methanogen species previously not found in the rumen. The 
results showed Methanofollis liminatans (three isolates), Methanoculleus palmolei (three 
isolates) or Methanosarcina barkeri (one isolate) were the predominant culturable 
methanogens colonising the rumen two days after birth. The three isolates identified as 
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M. /iminatans were only 96.0% identical at the 16S rRNA gene level to the M. liminatans 
type strain, DSM 4140, and appear to be new a methanogen species. In gut samples 
collected 3-5 days after birth, Methanobacterium bryantii (three isolates) was found to be 
a predominant methanogen in some calves apparently replacing the first methanogens 
colonising the developing rumen. Twenty two days after birth Methanobrevibacter 
thaueri (one isolate) was identified as a predominant methanogen in one calf. These 
results are the first to suggest that there is a successional change in the methanogen 
populations as the rumen develops in young ruminants. 
Consideration of the colonising species showed that Mel. palmolei were obtained from 
only two calves (calves 10 and 12) and that Mfl. liminatans-like isolates were obtained 
only from a different cohort of calves penned separately to calves 10 and 12. These 
methanogens, previously found only in terrestrial or aquatic environments, are probably 
the primary colonising methanogens because there were no mature ruminants to provide 
alternative inocula. It appears that the developing rumen of young calves provides a niche 
suitable for opportunistic hydrogenotrophic methanogens. 
A PCR investigation using targeted primers specific for seven groupings of methanogens 
was carried out on all rumen samples to obtain information not dependant on culturing. 
This analysis on DNA extracts showed methanogens belonging to the 
Methanobacteriales were present in almost every sample. Methanogens belonging to the 
Methanosarcinales and Methanomicrobiales were not detected in any sample. At the end 
of the trial (22 days), PCR analysis showed the presence of Methanobacterium spp. and 
Methanobrevibacter spp. in all four calves. Although there were some disagreements 
with results for isolates cultured, overall, PCR results confirmed the concept of 
successional changes in methanogen populations in pre-ruminant calves. 
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